Abstract. Field studies were carried out during the summer season (2012) at Noubariya Province, EL-Beheera Governorate, Egypt to evaluate the efficacy of the integration between the sticky traps and medicinal plants in controlling two dangerous sucking insect pests (Bemisia tabaci and Empoasca discipiens) attacking potato plants causes direct damage and transmission of several viruses and hence high losses in the yield. Data of field observation showed that the abundance of leafhoppers, E. discipiens was recorded in the 1 st half of May on the leaves of both potato varieties (Spunta & Nikola), while B. tabaci acquired its peak in 2 nd half of May. The population of B. tabaci was highly active on potato plants (variety Spunta) while the lowest population was acquired on Nikola variety while the leafhopper, E. discipiens, which was more abundant on the leaves of Nikola variety surrounded by basil, mint or Marjoram herbs than with control plants. Both herbal plants (Marjoram and Mint) have repellent effect against B. tabaci in case of Spunta variety, while Mint plant was more effective against leafhopper insects on the leaves of Nikola variety than those were surrounded by Marjoram. Highly significant difference was recorded between the treatments and the control plant. The combined effects of the prevailing climatic factors (temperature and humidity) have a significant effect on the activity of E. discipiens and B. tabaci in the field of potato. It could be concluded that potato fields surrounded by medicinal and aromatic herbs gave more protection against infestation with E. discipiens and B. tabaci than those in control unit.
INTRODUCTION
Potato is one of the major economic vegetable crops in Egypt, being cultivated on large scale for export purposes as well as for local consumption. Unfortunately, potato is highly vulnerable to insect pests during growth period, which a lot of insect pests have been recorded as major insect pests for potato crop (Mogahed, 2005 and 2006) . In the field, it is subjected to attack by different piercing sucking insects. New records and seasonal abundance of whitefly, B.tabaci were investigated (Abd-Rabou, 1999; Abd-Rabou and Simmons, 2010; Anderson et al., 2005; Baiming et al., 2012; Selvaraj and Ramesh, 2012) . Among the sucking pests, whitefly, Bemisia tabaci (Gennandius) and Empoasca discipiens Paoli, are a major importance which leads to reduction in growth and vigor of the plants at the early and late growing seasons and responsible for yield losses. Some researchers mentioned that the sweet potato whitefly, B. tabaci (Hemiptera: Aleyrodidae), is one of the most destructive phloem-feeding insect pests worldwide, causing severe damages to more than 600 plant species directly by feeding and/or indirectly by transmitting plant viruses (Brown et al., 1995; Perring, 2001) . Distribution and dynamics of B. tabaci and performance on different host plants were studied by many investigators in the world (Ozgur and Sekeroglu, 1986; Lei et al., 1998 Lei et al., ,1999 Yang et al., 2004; Zhou et al., 2006 Zhou et al., ,2008 Zhang et al., 2010; Zhao et al., 2010; Xu et al., 2011; Rao et al., 2011; Wang et al., 2011) . New challenges to management of whitefly resistance to insecticides were studied in Arizona (Nichols, 2005) . A field survey was conducted (Abd-Rabou and Simmons, 2010) on the reproductive host plant species of the B. tabaci complex throughout Egypt and revealed six new reproductive host plants consisting of five species and one subspecies in the families Asteraceae, Fabaceae, Piperaceae, Plantaginaceae and Portulacaceae. And also 70% of the host plants are new host records for Egypt. Considerable problems aroused from the continued application of chemical pesticides led to the development of insect resistance and environmental pollution. In response to the negative effects of Recently, the investigators have diverted their attention towards the natural products of plant origin to avoid the disadvantages of pesticide uses (Metwally et al., 1999; Rizk et al., 1999; Abd EL-Salam, 2000) these natural materials would be non-hazardous, easy to use and specific in their action (Abd-Rabou and Simmons, 2010) . Among those alternative methods for the control of insect pests are the use of mixed culture and sticky traps (Ismail et al., 1989; Mogahed, 2005) . Intercropped cultures have less infestation with insect pests than alone (Foot, 1976; Shalaby et al., 1986; Potts and Gundai, 1991; Ali et al., 1994; ELSheikh et al., 1994; Mogahed, 2006; El-Saadany et al., 2007) which the use of bio-products was performed (Salem, 2004) .
So, the present work was conducted to evaluate the impact of some medicinal and aromatic plants in integration with sticky traps against two important sucking insect pests whitefly (B. tabaci) and leafhoppers (E. discipiens) attacking potato plants grown in intercropping culture under field conditions. Moreover, the present studies were focused on location specific seasonal occurrence of whiteflies and leafhoppers along growing season and its relation with weather factors, which is of great significance in formulating efficient pest management tactics.
MATERIALS AND METHODS
This research was conducted during the summer season in the farm of the Company's Global for Agricultural Production "Garden city" at Noubariya Province, El-Beheera Governorate, Egypt. The area of land equipped with 6x175 meters by the methods recommended in terms of tillage, fertilization and irrigation to culture using two varieties of potato (Spunta & Nikola). Two areas of (3x175m) have been allocated for cultivation of potato variety Nikola and Spunta. Each area was divided into 3 plots each plot measuring 3.5x50m. The first plot was surrounded by Basil plants, the second was surrounded by Mint plants, and the third plot was surrounded by Marjoram plants. Each plot was divided into 4 replicates, so, 3 replicates of them represented the treatments and the fourth one represented the control of the experiment (without medicinal or aromatic plants). The medicinal and aromatic plants have been growing in the form of a fence around the treatment area, except the control plots, and have been growing in the middle line of the area of treatment. The medicinal plants should have a well vegetative growth before the emergence of potato plant seedlings in the field. Random samples of 50 leaflets (10 leaflets/5 plants) were examined early morning at in the field of potato variety. Examination was started when the plants were 10 days old until harvesting time.
Field observations were performed early morning by screening both surfaces of plant leaves to follow the population activity of adult of sucking insect pests either B. tabaci or E. discipiens. The sticky colored traps were planted in an average of 2 traps per square area (3.5x12.5m) a week after the emergence of potato plants. The distance between the sticky sheet and the summit of potato plants was about 15cm, always up to harvest.
Data obtained in this work were subjected to analysis of variance (ANOVA) through the Computer Statistical Package Program "SPSS" and Duncan's Multiple Range test (Duncan, 1965) Table 2 : Field inspection of potato varieties (Spunta & Nikola) leaves infested with Empoasca discipiens during season 2012 **= Highly significant *= Significant NS= Insignificant In a single column, means followed by the same small letter(s) are not significantly different at 5% level of probability In a single row, means followed by the same capital letter are not significantly different at 5% level of probability .878** **= Highly significant *= Significant NS= Insignificant In a single column, means followed by the same small letter(s) are not significantly different at 5% level of probability In a single row, means followed by the same capital letter are not significantly different at 5% level of probability Data analysis indicated that, there was -in general-insignificant difference between the average numbers of the observed B.tabaci adults of both potato varieties, except in sweet Basil plots, where the average numbers of the observed adults in Spunta verity was about 1.4 fold than those in Nikola plots Table 1 .
B. Nickola variety
Results in Table 1 showed that the whitefly, B. tabaci is active on the potato plants leaves during the 2 nd half of May. The lowest population of whitefly has been recorded on the leaves of potato surrounded by fence of the basil, mint and Marjoram plants, respectively, with an average numbers of 19.8, 22.5 and 24.0 insect/plant; being insignificantly different between each other, compared to the control 34.3 insect/plant.
Statistical analysis of the results cleared that there is a significant difference between the potato plants surrounded by aromatic and medicinal herbs and the control experiment (F=13,027**, df= 3, 8). Table 2 indicated that the presence of a fence of marjoram followed by sweet basil and mint plants was instrumental in the determine of E. discipiens adults clearly away from the leaves of potato plants. The average number of Jassid insects was 10.5, 11.3 and 14.6 insect/plant, respectively, compared to the control plants 20.8 insect/plant during the summer growing season.
Seasonal abundance of Leafhopper population

A. Spunta variety
Results in
Statistical analysis showed that there is insignificant difference between the number of insects infested the potato plants surrounded by sweet basil, mint, or Marjoram herbs of each other, while there is a significant difference between the control and other potato plant (F=4.418**, df= 3, 8).
B. Nikola variety
Results showed that, the activity of leafhoppers E. discipiens adults on the leaves of potato are clear at the 1 st half of May during the summer growing season of potato Statistical analysis indicated that there was insignificant differences between the average number of the observed jassid adults of both potato variety plots, except those recorded in the control plots Table  2 .
Sticky traps
Seasonal abundance of whitefly population
A. Spunta variety
Results recorded for sticky colored traps Table 3 show that the attracted population of B. tabaci to the traps was the minimum in plots of potatoes variety Spunta, that was surrounded by marjoram herbs where the average number of adult insects was 19.6 insect/trap, while it was 32.9 and 34.2 insect/trap in plots surrounded by the Mint and Basil herbs, respectively, compared to the control plot (without the fence of medicinal or aromatic plants) where the average number was 39.3 insect/trap. Based on statistical analysis for the data in Table 3 , it is clear that, there is a significant difference between the average number of white fly caught by colored traps in all plots and those caught in the plot of potato plants surrounded by Marjoram herbs, while there are insignificant differences between the other treatments (F= 8.422**, df=3, 32).
B. Nikola variety
The corresponding figure for the results obtained from the sticky traps in Nikola variety and recorded in Table 3 show that, the sweet basil plants has grate ability to ward-off B. tabaci adults, where the average number of attracted insects was 28.6 insect/trap, compared with other plots (40.7 and 39.0 insect/trap) in the plots surrounded by a fence of mint and
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marjoram, respectively, and with the control plot (without fence) as well, where the average number was 65.3 insect/trap. Statistical analysis revealed that there is a significant difference between the control plot and all other plots, on the other hand a significant difference was observed between basil plot and the two other treatments (F = 94.610**, df= 3, 32). Also, data analysis indicated that there was -in general-a significant difference between the average number of caught B.tabaci adult in both potato variety plots, where the average number of adults attacked Nikola variety plots was more than those attack Spunta plots by 1.2, 2.0, 1.7 folds for Mint, Marjoram and control (without fence) plots, respectively Table  3 .
Seasonal abundance of Leafhoppers population
A. Spunta
The recorded data in Table 4 show that, the lowest average number of leafhopper E. discipiens was 3.7 insect/trap attracted to the sticky colored traps planted in field plots of potatoes surrounded by Marjoram herbs, followed by 7.4 and 10.1 insect/trap for potato plant plots surrounded by Basil and Mint plants, respectively, compared to the control plots (without the fence), where the average number of trapped adults reached 26.3 insect/trap. Statistical analysis revealed that there was a highly significant difference between the control plots and all other treatments (F=11.865**, df=3, 32).
B. Nikola
Based on the results recorded in Table 4 , it is clear that presence a border of Marjoram around the potato fields was effective against E. discipiens insects that attacks leaves of potato (Nikola variety) with an average number of insects maintained in the sticky traps reached 5.9 insect/trap, for potato plots surrounded by a fence of Marjoram herbs; while the corresponding figures for sweet Basil and Mint herbs reached 8.9 and 10.7 insect/trap, respectively, compared with the control plots (25.7 insect/trap); being significantly difference (F=6.878**, df=3, 32).
It is clear from the results in Table 4 that the activity of E. discipiens adults was high in the fields of potato Nikola variety in mid of May during the summer growing season, then decreased gradually during the 2 nd half of May and the beginning of June. Statistical analysis indicated that there was -in general-insignificant difference between the average number of caught jassid adult in both potato variety plots, except in the control (without fence) plots Table  4 .
Environmental factors
Examining the impact of the prevailing environmental factors on the abundance of the tested insects in the experimental field plots of potatoes intercropped with herbaceous plants (Basil -Mint -Marjoram), it was found that the impact of the combined weather factors (temperature and humidity) on the activity of B. tabaci adults on Spunta variety, that the multiple regression value (Mr=0.663**), being highly significant. On the other hand partial values of temperature (r1=0653**) and humidity (r2= 0.405*) have significantly independent effect too. However, in case of Nikola variety, the multiple regression value (Mr=0.538) was highly significant effect. As for the effect of temperature alone (r1=0.459**) was highly significant; while the impact of humidity was insignificant (r2= 0.084 NS ), that mean that the temperature was the main environmental factor affecting the abundance on the tested pests, Table 5 .
DISCUSSION
Generally, from the foregoing results, it could be concluded that, whitefly insect was more abundant in the field of potatoes than the leafhoppers. On the other hand, a potato field plots surrounded with Marjoram plants were less in infestation than other field plots. The use of medicinal and aromatic plants such as sweet Basil, Marjoram and Mint herbs had been instrumental effect in the protection of potato plants against the infestation with sucking insects such as B.tabaci and E. discipiens during the planting summer season of Nikola variety. It may due to the odors of the medicinal herbs which was investigated by Magd EL-Din et al. (2007) , in their assessment of the volatile oil chemicals of Basil (Ocimum basilicum) aerial part towards the biological activity of the adult stage of Lasioderma serricorne, either in the laboratory or storage experiments. She reported that, these chemicals will contribute the development and retardation in the developmental stages and play as oviposition repellent, as well as its toxicity, and could be used for IPM strategies.
However, some investigator (Ying et al., 2013 ) studied the survival, development, and reproduction of Bemisia tabaci (Gennandius) (Hemiptera: Aleyrodidae) MEAM1 cryptic species compared over two consecutive generations on three cotton cultivars of different gossypol levels and found that both cotton cultivar and generation significantly affected the fitness of the whitefly and demonstrated that it may be due to the secondary compounds.
The comparison of the life histories of B. tabaci MEAM1 cryptic species on different cotton varieties is important for the development of an integrated pest management program of the whitefly by using plant secondary metabolic compounds.
The same author investigate the differentiation between cotton varieties, he studied the relation between survival, development and reproduction of B. tabaci-MEAM1 cryptic species over two consecutive generations on three cotton cultivars of different gossypol levels. Both cotton cultivar and generation significantly affected the fitness of the whitefly; he demonstrated that the fitness of B. tabaci MEAM1 cryptic species on the low-gossypol cotton cultivar ZMS13 was higher than that on the medium-or highgossypol cultivar. The comparison of the life histories of B. tabaci MEAM1 cryptic species on different cotton varieties is important for the development of an integrated pest management program of the whitefly by using plant secondary metabolic compounds.
From the foregoing results, it is clear that the whitefly insects were more active in the field of potatoes (Spunta variety) than leafhoppers. On the other hand, a potato fields surrounded with Marjoram herbs were more protectant from the plague of whitefly and hoppers. The present results seems to be in the same trend with those found by Ali et al. (1994) , EL-Sheikh et al. (1994) , Mogahed (2006) and El-Saadany et al. (2007) whom found that Spunta potato variety seems to be the most susceptible variety to infestation with potato tuber moth P. operculella. While, Agria variety came next, and Kara variety was comparatively the least susceptible potato and might be considered as the resistant variety to P. operculella infestation. It could be concluded that, potato fields surrounded by medicinal and aromatic herbs has more immunity against infestation with E. discipiens and B. tabaci than those plants in control unit. Moreover, the statistical analyses of the present results indicating that host plants differ significantly in their suitability to insect pests.
CONCLUSION
Potato plants as economic crop are highly vulnerable to invasive with the most harmful piercing sucking insect pests, i.e., the whitefly insect B.tabaci and leafhopper E. discipiens. The present results obtained from field observations of potato plants (Spunta & Nikola varieties) appeared that the B.tabaci is active on the leaves of potato plants during the 2 nd half of May. Also, it was found that: 1-The lowest population of whitefly, B. tabaci has been recorded on the leaves of potato (Nikola variety) surrounded by the fencing of the Basil, Mint and those surrounded by a fence of Marjoram plants, compared to the control.
2-In both varieties of potato (Spunta & Nikola), the least level of activity of E. discipiens was recorded in late May, and the disappearance of their presence on the potato leaves (Spunta variety) in early June as the date harvest potatoes.
3-There is a significant difference between the average numbers of B. tabaci insects located on the leaves of potato plants (Spunta & Nikola) surrounded by aromatic and medicinal plants such as Marjoram, Mint, sweet Basil.
4-The Mint was the most effective herb against leafhopper E. discipiens insects on the leaves of Nikola variety then Marjoram herbs.
5-It is clear that, there is a significant difference between the average number of white fly B. tabaci caught by colored traps in the control plot and those caught in the plot of potato plants (Spunta & Nikola) surrounded by Marjoram and Basil herbs, while there are insignificant differences between the other treatments.
6-In general, the presence of fence of medicinal and aromatic plants like Mint, Marjoram and sweet Basil has a clear role in the natural protection of potato plants in the field against the attack of some sucking insects such as B. tabaci and E. discipiens.
7-The medicinal plants and aromatic herbs with yellow sticky traps may help in reducing the number of the insect pests on the plants and make their management by other methods more effective. Whiteflies are also attracted to the yellow color, so yellow sticky paper can serve as traps for infestations monitor.
8-As for the effect of climatic factors, the temperature was the main environmental factor affecting the abundance of the tested pests.
